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NOTICE 

The invention disclosed in this document resulted from 
research in aeronautical and space activities performed under 
programs of the National Aeronautics and Space Administration. 
The invention is owned by NASA and is therefore available for 
licensing in accordance with the NASA Patent Licensing Regu- 
lation (14 Code of Federal Regulations 1245.200). 

To encourage commercial utilization of NASA-owned inven- 
tions, it is NASA policy to grant nonexclusive, royalty-free, 
revocable licenses to any company or individual desiring to use 
the invention while the patent application is pending in the U. S. 
Patent Office and within a specified period, presently two years, 
after issuance of the patent to NASA. If commercial use of the 
invention does not occur during this period, NASA may grant a 
limited exclusive, royalty-free license thereby adding an incen- 
tive to further encourage commercial development. Any company 
desiring to make, use, or sell this invention is encouraged to 
obtain a royalty-free license from NASA. 

Address inquiries and all requests for licenses to Assistant 
General Counsel for Patent Matters, Code GP-1, National 
Aeronautics and Space Administration, Washington DC 20546. 
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' ELECTRO-MECHANICAL SINE/COSINE GENERATOR 


The invention relates to a brushless electro-mechanical device for 
generating both sine and cosine functions. 

The invention consists essentially of a cylinder 11 that is mounted 
for rotation by a motor 13 about an axis that is slightly removed 
from the central axis 12 of the cylinder. Two noncontacting distance 
sensing elements 16 and 24 are placed above the surface of the cylinder 
11, ninety degrees apart around the cylinder, and equal distances 
from the axis of rotation of the cylinder. Transducer instrumentation 
17 along with sensing element 16 produces an. electrical signal propor- 
tional to the distance between sensing element 16 and cylinder 11. 

This signal is amplified by amplifier 19 with proper zero and peak 
amplitude adjusted at output terminal 22 by the slider of potentiometer 
20 and by the variable gain resistor 23. Transducer 25 along with 
sensing element 24 produces an electrical signal proportional to the 
distance between sensing element 24 and cylinder 11. This signal is 
amplified by amplifier 27 with proper zero and peak amplitude adjusted 
at output terminal 30 by the slider of potentiometer 28 and by the 
variable gain resistor 31. The resulting signals at output terminals' 
22 and 30 are the sine and cosine functions, respectively. 

The novel feature of the invention appears to lie in rotating cylinder 
11 about an off-center axis and detecting the changes in distances 
between cylinder 11 and sensing elements 16 and 24 to produce the sine 
and cosine functions. 
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the United States Government and may be manufactured and used 
by or for the Government for governmental purposes without the 
payment of any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

The invention relates generally to function generators and 
more specifically concerns an electro-mechanical device that 
generates sine and cosine functions. 

In the past, sine and cosine functions have been generated 
primarily by sine-cosine potentiometers. These potentiometers 
have sliding contacts that limit their useful life to about a 
million revolutions which is approximately twenty hours of 
operating time. Hence, these potentiometers have to be replaced 
often. Each time a potentiometer is replaced there is not only 
the large expense of the replacement potentiometer, but also 
several hours are required to install the replacement. It is 
therefore the primary object of this invention to provide a sine/ 
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cosine function generator that has no sliding contacts thereby 
resulting in a generator that has a longer life expectancy than 
prior art generators. Another object of this invention is to 
provide a hushless sine-cosine function generator which will 
make it useful for operation at speeds higher than have been 
possible in the past. 

SUMMARY OF THE INVENTION 

Referring to FIG. 1, the principle of operation of this 
invention is described. The letter A designated an end view 
of a cylinder having a center C and a radius R. Cylinder A is 
located near the corner of two planes M and N that make an angle 
of ninety degrees with each other where they intersect. The dis- 
tance from cylinder A to plane M is V and the distance from 
cylinder A to plane N is H„ If cylinder A is rotated about a 
point P that is a distance r from center C and a distance D from 

I 

both planes M and N, the center C will define a circle E having 1 

a center P, and a radius r. As can be seen from FIG. 1, when 

center C rotates through an angle 0 about point P, the distances 
H and V are given by the following equations: 

H = D-R-r cos 0 

V = D-R-r sin 0 : 


Therefore, if the distances H and V are measured as cylinder 
A is rotated about point P, these measurements will be related 
to the cosine and sine functions, respectively. 

25 To utilize the above principle of operation a motor is 

coupled to a cylinder to rotate the cylinder about an axis that 
is parallel to and about .02 inches from the central axis of 
the cylinder. Two non-contacting displacement sensing devices 
are placed above the surface of the cylinders equal distances 
30 from the axis of rotation of the cylinder, and ninety degrees 
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apart around the cylinder. Each of these displacement sensing 
devices produces an electrical signal having an amplitide pro- 
portional to the distance between it and the surface of the 
cylinder. Consequently, as the cylinder is rotated the two 
displacement sensing devices produce electrical signals that are 
the sine and cosine functions. The signals produced by the dis- 
placement sensing devices are processed by operational amplifiers 
to give the proper zero and peak amplitudes to the signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic drawing for the purpose of describing 
the principle of operation of the invention; 

FIG. 2 is a block diagram of the invention; and 
FIGS. 3a and 3b are a front and a side cutaway view, respec- 
tively, of the means for positioning the cylinder and sensing 
means of this invention idLative to each other. 

DETAILED DESCRIPTION OF THE INVENTION I 

Turning now to the embodiment of the invention selected for 
illustration in the drawings, the number 11 in FIG. 2 designates 
a cylinder having a central axis 12. A variable speed motor 13 
is coupled to cylinder 11 by a coupling means 14 to rotate the 
cylinder about an axis parallel to and about .02 inches from 
axis 12. Motor 13 includes a field winding 15 that can be varied 
to change the speed of motor 13. A noncontacting displacement 
sensing device including a sensing element 16 and transducer 
instrumentation 17 has sensing element 16 placed above the surface 
of cylinder 11. Sensing element 16 is electrically connected; 
to transducer instrumentation 17 which produces an electrical sig- 
nal having an amplitude proportional to the distance between 
sensing element 16 and cylinder 11. This electrical signal is 
applied through an isolation resistor 18 to the input of an 
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operational amplifier 19. The slider of a potentiometer 20 
having a negative eighteen volts applied to it is connected 
through a resistor 21 to the input to said amplifier 19. The 
output terminal 22 of amplifier 19 is connected through a vari- 
able gain resistor 23 to the input to amplifier 19. The proper 
zero and peak amplitude at output terminal 22 are adjusted by 
the slider of potentiometer 20 and the variable gain resistor 
23. The signal at output terminal 22 is a sine wave having a 
frequency proportional to the speed of motor 13. 

A second noncontacting displacement sensing device including 
a sensing element 24 and transducer instrumentation 25 has its 
sensing element 24 placed above the surface of cylinder 11 at 
a point ninety degrees around cylinder 11 from sensing element 
16. Sensing element 24 is also placed such that it is the same 

distance from the axis of rotation of cylinder 11. Sensing I 

' i , 

element 24 is electrically connected to transducer instrumen- 1 
tation 25 which produces an electrical signal having an ampli- 
tude proportional to the distance between sensing element 24 
and cylinder 11. This electrical signal is applied through 
an isolation resistor 26 to the input of an operational amplifier 
27. The slider of a potentiometer 28 having a negative eighteen 
volts applied to it is connected through a resistor 29 to the 
input to said amplifier 27 „ The output terminal 30 of amplifier 
27 is connected through a variable gain resistor 31 to the input 
to amplifier 27. The proper zero and peak amplitude are adjusted 
by the slider of potentiometer 28 and the variable gain resistor 
31. The signal at output terminal 30 is also a sine wave 
having a frequency proportional to the speed of motor 13. Assuming 
motor 13 is rotating cylinder 11 in a clockwise direction, then 
the sine wave at output terminal 22 lags the sine wave at output 
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terminal 30; hence, the signal at output terminal 30 is a sine 
wave and the signal at output terminal 22 is a cosine wave. 

The frequency of the signals at output terminals 22 and 30 can 
be varied by adjusting the field winding 15 of motor 13. 

5 In FIGS. 3a and 3b there is shown means for spacing sensing 

elements 16 and 24 and cylinder 11 relative to each other. 

Cylinder 11 has shafts 32 and 33 attached to it such that their 
centerline 34 is parallel to and a short distance from the ; 

! i 

central axis 12 of cylinder 11. Support: piece 35 supports ; 

I 

10 shaft 32 so that it is free to rotate and support piece 36 

supports shaft 33 so that it is free to rotate. Support pieces 
35 and 36 are attached together by screws 37 such that sensing 
elements 16 and 24 are supported thereby and equidistant from 
axis of rotation 34. A piece 38 also aids in the support of 
15 sensing element 15. By means of an adjusting screw 40 the 

angular position of sensing element 15 can be adjusted so that I 1 
there is exactly ninety degrees between sensing element 15 and ' 

sensing element 24. Screws 39 hold piece 38 in a fixed position 
relative to support piece 36. I. 

20 The advantages of this invention are that it provides a 

simple, inexpensive sine-cosine function generator that has a 
longer life expectancy than prior art sine-cosine function gen- 
erators. It has excellent dynamic characteristics and will 

I , 

replace sine-cosine potentiometers when long life and uninter- 
25 rupted operation is important. Its only wearing parts are ball j 

bearings which may be easily replaced. Because it is brushless, , 

the invention will be useful for operation at speeds higher than 
have been possible in the past. 

It is to be understood that the form of the invention 
30 herewith shown and described is to be taken as a preferred 
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embodiment. Various changes may be made without departing from 
the spirit and scope of the invention as defined in the sub- 
joined claims. For example, different noncontacting displacement 
sensing devices and different means for adjusting the angular 
distance between the two sensing devices can be used without 
departing from this invention. 

What is claimed is: 
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